A feature of allergic airway disease is the observed increase of nitric oxide (NO) in exhaled breath. Gram-negative bacterial infections have also been linked with asthma exacerbations. However, the role of NO in asthma exacerbations with gram-negative bacterial infections is still unclear. In this study, we examined the role of NO in lipopolysaccharide (LPS)-induced inflammation in an ovalbumin (OVA)-challenged mouse asthma model. To determine whether NO affected the LPS-induced response, a NO donor (S-nitroso-N-acetylpenicillamine, SNAP) or a selective inhibitor of NO synthase (1400W) was injected intraperitoneally into the mice before the LPS stimulation. Decreased levels of proinflammatory cytokines were demonstrated in the bronchoalveolar lavage fluid from mice treated with SNAP, whereas increased levels of cytokines were found in the 1400W-treated mice. To further explore the molecular mechanism of NO-mediated inhibition of proinflammatory responses in macrophages, RAW 264.7 cells were treated with 1400W or SNAP before LPS stimulation. LPS-induced inflammation in the cells was attenuated by the presence of NO. The LPS-induced IkB kinase (IKK) activation and the expression of IKK were reduced by NO through attenuation of the interaction between Hsp90 and IKK in the cells. The IKK decrease in the lung immunohistopathology was verified in SNAP-treated asthma mice, whereas IKK increased in the 1400W-treated group. We report for the first time that NO attenuates the interaction between Hsp90 and IKK, decreasing the stability of IKK and causing the down-regulation of the proinflammatory response. Furthermore, the results suggest that NO may repress LPS-stimulated innate immunity to promote pulmonary bacterial infection in asthma patients.
Introduction
Asthma is a chronic inflammatory respiratory disease manifesting as variable airflow obstruction leading to symptoms of coughing, wheezing, and dyspnea. It has been suggested that the pathogenesis of asthma is a result of the recruitment of inflammatory cells in the airway. 1 Asthma is also associated with an increased risk of serious bacterial pneumonia, especially gram-negative and atypical bacterial infections. 2 These organisms have been linked with the exacerbation of asthma and suggested as a possible mechanism in asthma pathogenesis. Mechanical, immunological, and phagocytic functions play important roles in the airways to protect the host from microbial infections. However, allergic airway inflammation may suppress innate immunity and reduce pulmonary antibacterial activity. 3 In asthmatic individuals, increased nitric oxide (NO) is observed in the exhaled breath. The exhaled nitric oxide (eNO) is produced endogenously in the lung by nitric oxide synthase (NOS) to elicit multiple physiologic functions, including smooth muscle relaxation, neurotransmission, vascular tone, and host defense. 4 Moreover, acute asthma treated with nebulized budesonide or oral montelukast sodium improves asthmatic symptoms and reduces eNO. 5 The administration of L-arginine increases the NO metabolism associated with allergic airway inflammation, leading to the alleviation of a number of features of asthma. 6 However, the inhibition of airway NO synthesis does not improve asthma; therefore, the role of NO in allergic disease exacerbated by gram-negative bacterial infections remains controversial. 7 NO is a potent inhibitor of the expression of cytokines involved in stimulating human macrophages. 8 In addition, inhaled NO may attenuate acute lung injury via the inhibition of nuclear factor kappa-B (NF-kB) and inflammation. 9 NO decreases lipopolysaccharide (LPS)-stimulated NF-kB activation in alveolar macrophages and RAW 264.7 cells. 10 In the presence of NO, the expression of inducible NOS (iNOS), interleukin (IL)-1b, IL-6, and tumor necrosis factor (TNF)-a mRNAs is decreased after LPS stimulation in macrophages. 11 NF-kB transcription factors are activated by a wide variety of stimuli and control key aspects of immune function and development. 12 NF-kB is also known to regulate allergy-associated cytokines and chemokines during inflammation. IkB kinase (IKK) is responsible for the activation of NF-kB through the phosphorylation of IkB, leading to degradation of IkB and subsequent translocation of NF-kB into the nucleus. A previous study suggested that the IKKb inhibitor reduces allergic airway inflammation and hyperresponsiveness in a murine model of asthma. 13, 14 However, the molecular mechanism of the NO-mediated inhibition of the proinflammatory response remains unexplored.
Heat shock protein 90 (Hsp90) is a molecular chaperone that is induced in response to cellular stress to stabilize client proteins involved in cell cycle control, cell proliferation, and anti-apoptotic signaling. 15 Increased Hsp90 expression could be associated with asthma severity. 16 The inhibition of Hsp90 exerts anti-inflammatory effects, and Hsp90 has been proposed as an essential transiently acting regulatory component in IKK signaling. 17, 18 The inhibition of Hsp90 reduces the expression of proinflammatory mediators by decreasing the activation of NF-kB signaling pathways. 19 In this study, we used LPS, the major component of the outer membrane of gram-negative bacteria, to show that NO might down-regulate IKK, which leads to a decrease in the LPS-stimulated proinflammatory response in an allergic mouse model and murine macrophages. This down-regulation resulted from a reduction in the interaction between Hsp90 and IKK, demonstrating that Hsp90 plays an important role in the NO-mediated attenuation of LPS-stimulated proinflammatory response. Furthermore, since inflammation is an important mechanism of innate immunity against infection, our results suggest that NO-mediated attenuation of LPS-stimulated inflammation may exacerbate bacterial pneumonia in asthma patients.
Materials and methods

Materials
Penicillin, streptomycin, fetal bovine serum, trypsin-EDTA, RPMI 1640 medium, and Lipofectamine Õ 2000 transfection reagent were purchased from Invitrogen (Carlsbad, CA, USA). The enzyme-linked immunoadsorbent assay (ELISA) kit was purchased from R&D (Minneapolis, MN, USA). LPS, 1400W, S-nitroso-N-acetylpenicillamine (SNAP), ovalbumin (OVA), and the other chemical compounds were obtained from Sigma-Aldrich (St. Louis, MO, USA). Reverse transcriptase was from Promega (Madison, WI, USA). The anti-IKKa/b, anti-Hsp90, antiphospho-IKKa/b (Ser180/Ser181), and peroxidase-conjugated goat anti-rabbit antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Murine model of allergic asthma
Adult BALB/c female mice (6-8 weeks old) were obtained from the National Laboratory Animal Center of Taiwan (Taipei, Taiwan). The mice were bred at the specific pathogen-free Animal Center at the National Defense Medical Center (Taipei, Taiwan) in accordance with the National Institutes of Health guidelines. OVA (100 mg) was adsorbed onto 4 mg of aluminum and was resuspended in a final volume of 0.2 mL phosphate-buffered saline (PBS). To generate allergic mice, the mice were sensitized by intraperitoneal (i.p.) injection of 100 mg of OVA on experimental days 0 and 14 and were challenged with intratracheal inhalation of 25 mg of OVA on day 28. The medication was inhaled into the lungs through normal breathing. 20 In addition, on day 31, the mice were subjected to intratracheal inhalation of 50 mg LPS in 50 mL PBS to elicit a proinflammatory response. The mice were sacrificed using CO 2 on day 32. Bronchoalveolar lavage (BAL) fluid was collected from the sacrificed mice by instilling 2 mL of PBS into the lungs three times via an intratracheal cannula. The cells were separated from the BAL fluid by centrifugation at 1200 rpm for 5 min. The BAL fluid was stored at À80 C for the cytokine assay. All experimental procedures were approved by the Ethics Committee of Animal Research, National Defense Medical Center, and the investigation conformed to the guidelines of the National Institutes of Health for the care and use of laboratory animals.
Immunohistochemistry
The mouse lung tissues were collected, fixed in paraformaldehyde, and embedded in paraffin. Briefly, the 4-mm-thick slides were baked at 60 C for 2 h, deparaffinized and rehydrated, and antigen retrieval was performed by boiling in sodium citrate buffer (10 mM, pH 6.0) for 30 min and then treated with 3% hydroxylperoxide for 10 min. The tissue sections were incubated at room temperature for 60 min in anti-IKKa/b (1:75) antibody and then in Super Enhancer TM Reagent (BioGenex Laboratories, Fremont, CA, USA) for 20 min. Chromogen development was performed using 3,3 0 -diaminobenzidine (DAB) staining for 5 min. Counterstaining was performed using hematoxylin and eosin. The slides were rinsed with water and covered with mounting medium after dehydration (Faramount Aqueous S3025; Dako, Denmark). Cell culture RAW 264.7 cells were obtained from the American Type Culture Collection (ATCC; Manassas, VA, USA). The cells were maintained in RPMI 1640 medium supplemented with 10% fetal bovine serum, 1 mM glutamine, and antibiotics (10 U/mL penicillin and 10 mg/mL streptomycin) at 37 C in a humidified chamber, under 5% CO 2 .
Enzyme-linked immunoadsorbent assay
The BAL fluids were collected from the mice treated with LPS, SNAP, 1400W, SNAP combined with LPS, and 1400W combined with LPS. The concentrations of IL-1b and TNF-a in the culture medium were measured using the R&D ELISA kit (Minneapolis, MN, USA) in accordance with the manufacturer's protocol. The assays were performed in triplicate per mouse.
RNA isolation, reverse transcription, and real-time quantative PCR
Total RNA was isolated using the Ultraspec TM -II Reagent (BIOTECX Laboratories, Houston, TX, USA). The primer sequences were as follows:
and iNOS (NM_010927.3) (158 bps), forward 5 0 -CCCTTCAATGGTT GGTACATGG-3 0 , reverse 5 0 -ACATTGATCTCCGTGACA GCC-3 0 . The cDNA was synthesized from 1 mg of total RNA with oligo-dT primers using reverse transcriptase. The PCRs were performed using the cDNA (5 mL of diluted reverse transcription product) as the template with SYBR1 Green PCRMaster Mix (Applied Biosystems, Warrington, UK) in the presence of primer oligonucleotide specific for each gene. The relative expression was quantified by the comparative Ct (cycle threshold) method using GAPDH as internal control.
Western blot and immunoprecipitation assays
The cell lysates were prepared using PBSTD lysis buffer (1% Nonidet P-40, 50 mM Tris-HCl pH 7.4, 1 mM Na 3 VO 4 , 1 mM EDTA, 1 mM PMSF and 1% protease inhibitor cocktail). The soluble lysates (40 mg) were mixed with an equal volume of SDS-sample buffer and were resolved by 12% SDS-PAGE. The proteins were transferred onto a nitrocellulose membrane, and the membrane was incubated with antibodies as indicated. After the primary antibody incubation, the membranes were washed three times in TBS-T and were incubated with HRP-conjugated (1:1000) anti-rabbit antibody. The signals were detected using the Fujifilm LAS-4000 BioSpectrum, and the intensity of the selected bands was analyzed using Fujifilm software. For the immunoprecipitation (IP), the samples were pre-cleared using 20 mL of anti-rabbit IgG IP beads (Millipore, Bedford, MA, USA) for 1 h, and the pre-cleared samples were incubated overnight with 2 mg of anti-IKKa/b antibody at 4 C. The antigen-antibody complex was collected using 20 mL of protein A-agarose beads. The beads were washed three times with lysis buffer and were eluted using sample buffer. Subsequently, Western blotting was performed, and the blots were probed with anti-Hsp90 or IKK antibody.
Cell transfection and NF-iB reporter assay
The RAW 264.7 cells (1 Â 10 6 ) were seeded in 6-well plates and transfected on the following day with 2 mg of NF-kB reporter DNA using Lipofectamine 2000 in accordance with the manufacturer's recommendations. After 2 days, the cells were treated with LPS (1 mg/mL) SNAP (0.5 mM) or 1400W (10 mM) for 6 h. The cells were lysed, and the luciferase activity was measured using a dual luciferase kit (Promega).
Statistical analysis
All cell experiments were conducted in triplicate and repeated for at least three independent experiments. An unpaired, two-tailed t-test was performed to test the significance of the correlation. One way ANOVA (SPSS version 18.0; SPSS inc, Chicago, IL, USA) followed by post hoc test with Bonferroni correction was performed for the animal work. A P < 0.05 was considered statistically significant.
Results
Nitric oxide attenuates LPS-induced airway inflammation in allergic mice
To generate the allergic mice, BALB/c mice were sensitized using an intraperitoneal injection of OVA on experimental days 0 and 14, and the mice were challenged using the intratracheal inhalation of OVA on day 28. Thereafter, the mice were stimulated by inhaling LPS to elicit a proinflammatory response mimicking the situation during pulmonary infections. To determine whether the NO affected the LPS-stimulated response, the mice were injected intraperitoneally with SNAP (NO donor, 50 mg/mouse) 21 for 1 h before the LPS treatment on day 31. The changes in the concentrations of proinflammatory cytokines, TNF-a and IL-1b, in the BAL fluid were analyzed after the LPS inhalation for 24 h. Increased TNF-a and IL-1b levels were observed after the LPS treatment, indicating the LPS-stimulated responses (Figure 1 ). Significantly, the SNAP treatment decreased the LPS-induced TNF-a ( Figure 1a ) and IL-1b ( Figure 1b ) in the mice. These findings suggested that NO attenuates the LPS-induced airway inflammation in the allergic mice. To demonstrate whether the removal of NO may promote the LPS-stimulated proinflammatory response, we used the iNOS inhibitor 1400W to suppress NO production. After the treatment with 1400W, increased levels of LPS-stimulated TNF-a ( Figure 1c ) and IL-1b ( Figure 1d ) were observed, suggesting that the removal of NO promotes the LPS-stimulated proinflammatory response in allergic mice.
Nitric oxide inhibits the LPS-induced proinflammatory response in RAW 264.7 cells
Macrophages are the major cells secreting proinflammatory cytokines in the BAL fluid after the airway administration of LPS in the mouse allergy model. To further explore the molecular mechanism of NO-mediated attenuation of the inflammation in macrophages, we used RAW 264.7 macrophages as a model. In the presence of NO, the LPS-induced IL-1, IL-6, IL-12, and iNOS mRNA were reduced by approximately 33%, 25%, 33%, and 15%, respectively (Figure 2a ). Because the NF-kB transcription factor is involved in the proinflammatory response, we measured the transcription activity of NF-kB following stimulation of the cells with LPS for 12 h after treatment with SNAP for 3 h. The LPS-induced NF-kB activation was decreased in the NO-treated cells, showing that the inhibition of NF-kB is consistent with the expression levels of the proinflammatory response genes (Figure 2b) .
Nitric oxide reduces the expression of IKK
Since IKK is an upstream kinase and plays an important role in the activation of NF-kB, we used anti-IKK and anti-phospho-IKK (pIKK) to analyze whether NO is involved in the regulation of IKK. The expression of IKK was decreased after the SNAP pretreatment ( Figure 3a ) compared with the untreated cells. Our findings demonstrate that the NO suppressed the LPS-stimulated proinflammatory response resulting from the down-regulation of IKK. The expression level of IKK after the SNAP treatment for 1, 4, and 6 h decreased in a time-dependent manner by 20%, 30%, and 40%, respectively (Figure 3b ). The degradation was inhibited by the proteosome inhibitor MG-132, indicating that the NO-induced IKK degradation occurs via the proteosome-dependent pathway (Figure 3c ).
Nitric oxide attenuates the interaction of Hsp90 with IKK
Hsp90 is a crucial regulator of the IKK signalosome via the interaction with Hsp90 leading to stabilization of IKK. To analyze whether NO interferes with the interaction, we performed an immunoprecipitation using the anti-IKKa/b antibody, and the presence of Hsp90 was detected by Western blots using the anti-Hsp90 antibody. Significantly, the Hsp90 interacting with IKK was decreased by 40% in the cells pretreated with SNAP for 1 h, and the pretreatment with SNAP for 6 h decreased the interaction by more than 60% (Figure 4a and b) . In contrast, the amount of total Hsp90 was not changed after SNAP treatment, but the reducing interaction of Hsp90 with IKK and the decrease of IKK were observed at 1 h and at 4 h after SNAP treatment, respectively (Figure 4c ). Therefore, NO is able to disrupt the interaction of Hsp90 with IKK. Our findings demonstrate that the inhibition of inflammation by NO was attributed to the decrease in the interaction of Hsp90 with IKK leading to a down-regulation of IKK.
Removal of NO enhances the expression of IKK in the infiltrated monocytes
Since NO blocked the interaction of Hsp90 with IKK, we analyzed whether the iNOS inhibitor 1400W enhances the amount of IKK by removal of NO after LPS stimulation. Our findings show that the inhibition of iNOS was enhanced 50% in the interaction of Hsp90 with IKK, as determined by the co-immunoprecipitation (Figure 5a ). Moreover, IKK was increased after 1400W treatment compared with untreated cells. Consistent with the expression of IKK, the LPS-stimulated NF-kB transcription activity was also increased after removal of NO by 1400W (Figure 5b) . To further validate the histopathology of NO in the lung, the allergic mice treated with LPS showed infiltrated cells containing dense monocytes around the blood vessels and bronchioles ( Figure 6 ). The IKKa/b-positive cells were stained (brown) in the DAB chromogen assay, exhibiting the expected cytoplasmic staining pattern (Figure 6a) . The scattered and dense staining of IKK in the immunostaining was observed in the inflammatory infiltrated monocytes. The numbers of monocytes expressing IKK were decreased in the infiltrated cells pretreated with SNAP but increased following the 1400W treatment (Figure 6b ). Our findings demonstrate that NO is able to reduce the number of infiltrated monocytes expressing IKK in the lung of OVAstimulated allergic mice after LPS-induced inflammation, whereas removal of NO increases the infiltrated monocytes in the infiltrated inflammatory cells.
Discussion
Asthma associated with an increased risk of serious bacterial pneumonia is attributed to allergic airway inflammation, leading to a reduction in innate immunity and a decrease in pulmonary antibacterial host defense. 3 The increased NO is able to deactivate the Toll-like receptor (TLR) signaling pathway and alleviate innate immunity by down-regulating IL-12 release. 22 NF-kB signaling in macrophages is The cells were treated with SNAP for 0, 1, 4 and 6 h, and IKK was analyzed by Western blot. (c) IKK expression in the presence or absence of 10 mM MG-132 for 30 min before the treatment of 0.5 mM SNAP for 3 h. Actin was used as the loading control. The level of IKK and pIKK was normalized to actin, and fold of control represents the level in treated versus control cells. The experiment was repeated three times, and a representative image is herein shown. *P < 0.05 and **P < 0.01 compared with control cells. # P < 0.05 and ## P < 0.01 compared with LPS-treated cells essential for the clearance of bacteria from the lung. 23 Our study demonstrates that NO decreased the LPS-induced NF-kB activation in OVA-sensitized allergic mice and RAW 264.7 cells by reducing the interaction of Hsp90 with IKK. These results show that NO in mouse models of allergic asthma suppresses the LPS-stimulated proinflammatory response, reduces the infiltrated monocytes, and is implicated in the mechanism underlying the increased risk for invasive pneumonia infections observed among individuals with asthma.
The beneficial or protective roles of NO in subsets of asthmatic individuals, as predicted by mouse models of airway inflammation, are often contradictory. 24 Recent studies have demonstrated that the protective or damaging functions of NO are dependent on the stage of infection or on the background of the mouse strain. 25 However, steroid treatment alone provided only a limited degree of protection against bronchoconstriction compared with concomitant treatment using an NO donor and steroid. 26 Furthermore, the absence of iNOS enhanced the LPSinduced lung inflammatory response in mice, whereas TNF-a and IL-1b levels in the BAL fluid were decreased significantly by NO in LPS-treated mice in an allergic model. 27 In the OVA-stimulated lung to evaluate the expression of IKK induced by LPS following pretreatment with SNAP or 1400W, the expression of IKK in the infiltrated cells was suppressed by NO ( Figure 6 ). Our data demonstrate a suppressive role for NO in the OVA-stimulated allergic mice, and NO produced by iNOS in allergic mouse may suppress the proinflammatory response.
In the lung, macrophages play an important role in the secretion of proinflammatory cytokines following stimulation such as exposure to LPS. 28 Our data demonstrate that NO decreased the LPS-induced IL-1, IL-6, IL-12, and iNOS mRNA levels in the RAW 264.7 cells, consistent with the observations in the BAL fluid. It has been reported that cotreatment with SNAP and LPS suppresses iNOS expression and NO production in hepatocytes, macrophages, and epithelial cells. [29] [30] [31] NO is a potent inhibitor of cytokine production in stimulated human macrophages, and NF-kB activation by LPS is decreased by NO in alveolar macrophages. 10 Moreover, we demonstrated that endogenous NO decreased the interaction of IKK with Hsp90 to attenuate the LPS-induced inflammation in the RAW 264.7 cells. Our findings indicate that a molecular feedback mechanism regulates LPS-induced inflammation through the production of NO.
Three NOS isozymes of iNOS, endothelial NOS (eNOS) and neuronal NOS (nNOS) are expressed in different tissues to generate NO for specific physiological roles. In the proinflammatory response, iNOS is able to generate NO in micromolar concentrations for involvement in immediate immune defense reactions. eNOS and nNOS are constitutively expressed and are involved in blood pressure regulation and neurotransmission, respectively. They generate nanomolar concentrations of NO regulated by changes of enzymatic activity upon increasing intracellular Ca 2þ concentrations. 32 eNOS are well known in the role of endothelium-mediated relaxation of vascular smooth muscle. Based on different model systems and different cell types/tissues examined, eNOS is both proinflammatory and anti-inflammatory and exhibits inhibition of apoptosis and promotion of angiogenesis and cell mobility. 33 Moreover, nNOS knockout mice were resistant to LPS-induced inflammation, suggesting that nNOS is involved in the initiation of inflammatory response and ultimately in lung injury, sepsis, and mortality. 34 SNAP might significantly suppress the LPSinduced iNOS expression, whereas the expression of eNOS was decreased slightly by SNAP in asthma mouse model (data not shown). All isoforms of NOS are inhibited by NO. However, relatively higher concentration of NO is required to inhibit iNOS than either nNOS or eNOS. 35 The cells were pretreated with 0.5 mM SNAP for 0, 1, 4, and 6 h. The interaction of IKK with Hsp90 was analyzed by immunoprecipitation (IP) with anti-IKK antibody, and the presence of Hsp90 and IKK was examined by Western blot using anti-Hsp90 and anti-IKK antibody, respectively. (b) Results from IP and (c) total protein were showed as fold of control. The experiment was repeated three times, and a representative image is herein shown. *P < 0.05 and **P < 0.01 compared with untreated cells activity and expression of iNOS, but not eNOS. 36 In this study, SNAP is NO donor that supplies NO not relying on the activity of NOSs, although SNAP might suppress the activity of iNOS. 1400W is a highly selective inhibitor of iNOS (kd ¼ 7 nM), and Ki values of nNOS and eNOS are 2 and 50 mM, respectively. 1400W was greater than 50-fold more potent against iNOS than eNOS in a rat model. 37 Since NO blocked the interaction of Hsp90 with IKK, the iNOS inhibitor 1400W enhanced the LPS-induced proinflammatory response by promoting NF-kB activity (Figure 5b) .
In this study, the treatment of SNAP reduced the activation of LPS-induced NF-kB as well as the level of IKK and pIKK, whereas 1400W increased the activation of the IKK-NF-kB pathway. The activation of NF-kB regulates the production of cytokines and chemokines in inflammation, and IKK is responsible for the activation of the NF-kB pathway. The IKKb inhibitor improves allergic airway inflammation and hyperresponsiveness in mice. 13 Moreover, Hsp90 is a crucial regulator of the IKK signalosome and is associated with the severity of asthma. NO may inhibit the NF-kB DNA binding activity via S-nitrosylation of the cysteine residue in the p50 subunit. 38 Hsp90 ATPase activity and its positive effect on NOS activity are both inhibited by S-nitrosylation, 39 suggesting that S-nitrosylation may regulate the function of Hsp90 and provide a feedback mechanism in the NF-kB activation pathway acting as a molecular sensor of local NO concentrations and adjusting NO production accordingly. Our study is the first to demonstrate that NO attenuated the interaction between IKK and Hsp90 leading to a decrease in LPS-induced inflammation in RAW 264.7 cells. Hsp90 plays an important role in inflammation. 17 Hsp90 inhibitors ameliorate the acute lung injury caused by severe sepsis, suggesting that the decrease in the interaction of Hsp90 with IKK may reduce lung injury. 40 However, Hsp90 inhibitors may alleviate inflammation-induced NO leading to a decrease in the antimicrobial activity. Therefore, the use of Hsp90 inhibitors to inhibit the inflammatory response may require further investigation to evaluate the outcomes in asthma treatments.
Although asthma patients are readily infected by microbes leading to serious outcomes, the mechanism by which the inflammatory response occurs is unexplored. In this study, the LPS-induced inflammation was attenuated in the RAW 264.7 cells and allergic mice in the presence of NO, demonstrating that NO negatively regulates inflammation by interrupting the interaction of IKK with Hsp90 to reduce the NF-kB-involved inflammatory pathway.
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